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masses of 91 and 62 kilodaltons, respectively. The EAl protein appeared to

be coded by chromosomal DNA, whereas the EA2 protein was only detected in
strains possessing the pXQ0l toxin plasmid. Both of the EA proteins were
serologically ldistinct from the three anthrax toxin components, as determined
byv monoclonal antibody to protective antigen, edema factor, and lethal

factor, and specific antisera to the EA proteins.
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ABSTRACT
A .
By using electrophoretic Immuno-iranshlots, EITB (Western
blots), we compared sera from Hartley guinea pigs vaccinated with

a veterinary live-spore anthrax vaccine to those vaccinated with

the human anthrax vacclne, consisting of a!uminum hydroxlde-

adsorbed culture proteins of Bacillus aﬂzhcagls strain v770-

NP-1R. Sera from animals vaccinated with the spore vaccine

recognized two major B, anthracls vegetative-cell-associated

proteins not recognized by sera from animals receiving the human

vaccine. These protelns, termed extractable antigens 1 (EA1) and
2 (EA2), have molecular masses of 91 and 62 kllodaltons, respec-
tively. The EA1 proteln appsared to be coded by chromosomal DNA,

whereas the EA2 protein was only detected In stralns possessing

the pX0O1 toxin plasmid. Both of the EA protelins were

serologically distinct from the three anthrax toxlin components,

as determined by monoclonal

antibody to protective antigen, edema

factor, and lethal

proteins,
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Since the Introduction of the live, attenuated culture
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vaccline by Pasteur, Chamber!iand, and Roux, in 1831 (3), vaccina-

tion agalinst anthrax has beern practiced throughout much of the

e

{’
| SN

world. Pasteur prepared the vaccine by growing Baclllus

¥ v
EY

anthracls at elevated temperatures (l.e., 42 to 43°C) to produce

i/ 4

attenuated cultures. Recently, it was determined that growth at

-
o

2

these temperatures induces the loss of a 110 megadalton plasmid,

pX01, which codes fbr the anthrax toxin (17) comprised of protec-

tive antigen (PA), edema factor (EF) and lethal factor (LF)

Ay U u Kkl
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S‘ (15, 22, 23, 26). Since both the toxIn and the poly-D-glutamate
E:‘é capsule, the latter codad for by the 60 megadalton plasmid, pXC2
%: (7, 28), are required for virulence, baclliil tacking either or
ii both plasmids are aviruient.

Based on these findings, !t has been proposed that Pasteur's
attenuation process heat cured the majority of the baclililt In
culture of their pX0l! piasmid and that the subilethal numbers of
toxigenic bactiit which remained, provided protection (4, 9).
Although generally effectlive, Improperiy prepared Pasteur-type
vaccline lots occaslionaliy produced disease in vacclinated animais
(8), probably aue to excesslve numbers of toxlgenic virulent

bacili{ remaining in the cultures used as vacclnes.

A0 Wl AP

in 1933, Sterne isolated a nonencapsuiated-toxligenic varlant

¥
«

& (pX01*, pX02~), which wes fcound to be zafe and efflcaclious as a
E: " live spors vaccine zgairz® anthrax (24, 23). 7The Sterne vaccine
t

& rapidiy replaced the Pasteuyr vaccine and has since been used

&

A

extensively 2z a veterinary vazcine in tlvestoci (8).
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in contrast, the commerclal! product |icensed for human use In the
Unlted States, supplied by the Michigan Department of Puhllic
Health (MDPH), consists of aluminum-hydroxide adsorbed culture
flitrates of the nonencapsulated, toxigenic straln V770-NP-1R
(2, 8, 20). The predominant component of the MDPH vaccine is PA.
Animals vaccinated with Ilve Sterne spore vaccines are
protected to a much greater degree agalinst anthrax than those
vacclinated with human vaccine or aluminum hydrox|de-adsorbed
purlifled PA (10). It Is clear from these and other studies
(12, t18) that vaccinatlion with |lve spore vaccines provides not
only a greater level of protection but aiso prolonged immunity.
In llght of the above observations, we guestioned whether
there are oroteins other than PA that are recognized sero-
loglcaily by serum from animals vacclinated with a |ive spore
vaccine but not when vaccinated with the human vaccine. Ildenti-
flcétlon of such proteins may explaln the differences in protec-
tion with the two vaccines and may also identlfy de novo vaccine

candlidates for future evaluation.
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MATERIALS AND METEHODS

Bacterial strains and culture conditions. Baclillus anthracls
strains were obtained from the U.S. Army Medical Research
Institute of Infectious Dlseases culture collectlon, Fort

Detrick, Md. Descriptlions of parental strains have been reported

(16). Strains cured cf their pX01 toxin plasmid, desighated with

the prefix "A*, have been descrited previously {(9).

Frozen spore
stock suspensions were revived on 5% sheep binod agar by incuba-
ting at 379C for 18 to 20 h. Growth from blocd agar cultures was
inoculated into R-medium (21), buffered with 50 MM Tris-HC!, pH
7.5. The cuitures, 500 ml in 2-liter sealed screw~top flasks,
were Incubated with shaking at 100 rpm, 37°C, for 18 to 20 h.
Cell extraction. Ceilis were harvested by centrifugation at
104 x g, for 15 min and washed In 100 m| of R-medium. The ceils
were suspended to 0.1 g wet cell wt. per ml

in sodium dodecyt
sulfate (SDS) extraction buffer (11) consisting of 5§ mM Tris-HCI,
1% (wt/vol) SDS, 5§ mM 2-mercaptoethanol (2-ME), pH $.8. The
suspension was heated to 70°C for 30 min, cooled to ambient
temperatures, and centrifuged as described above. The superna-
tant, containing extracted proteins, was filter sterilized
through a 0.22 um, low protein-binding, cellulose acetate flilter
(Millipore, Bedford, Mass.).

Culture supernatants were filtered, placed In dialys!s

tubing (3,500 molecular weight cut off), concentrated at 4°C In

polyethyiene glycol, and recconstituted with 0.1 voiumes of

extraction buffer. The dlalysls bags were re-sealed and bolled

-
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for 1 min to release proteins which may have become bound to the
tubing. The samples were transfered to a pclypropylene vial,
bolled an addlitional 4 min, and then stored at -20°C.

SDS-Polyacrylamide gel electrophoresis. To assure saturation

S & L AR TN F I X T
€

of proteins with SDS, the cell extracts and concentrated culture

fiulds were mixed with 5X sample buffer to give a final

concentratlion of 1% (wt/vol) SDS, 10% (voli/vol) glycerol, and

10 mM 2-ME and placéd In a bolling water bath for 5 min. Samples

were electrophoresed on SDS-PAGE gels (14) containing

10% (wt/vol) acrylamide (acrylamide:bis-acrylamide ratio =

37.5:1), pk 8.8 with 5% acrylamide stacking gel! (pH 6.8).
Electrophoretic imsmunotransblot (EITB). Following SDS-PAGE,

the proteins were elactrophoretically transbiotted onto nitro-

RO TN T PG R " S IS B
e

cellulose, Nc (27), in transblot buffer (20 mM Tris, 150 mM

glycine, 20% methanol, 0.1% SDS; (pH 8.5 before the adcition of

methano! and SDS). After electrophoresis for 18 to 18 h at
150 mA, the 14- by 12-cm Nc sheet was washed once Iin Buffer A
(0.5% (wt/vol) gelatin, 10 mM HEPES buffer, 100 mM NaCi, pH 7.5)
and |Incubated in 25 m! quench buffer (0.5% gelatin, 30 mM
Na citrate, 5% (wt/vol) non-fat powdered miik, 10 mM HEPES,
: 100 mM NaC!l, pH 7.5) for 30 min at 37°C. The Nc was then washed
twice Iin Buffer A and the sheet cut into strips, approximately
2.5-mm wide. Each strip was Incubated Iin 5 ml of antiserum or
monoclional antlibody (MAD) empirically &lluted in Buffer A for
2 h at 37°C with gentie agitation by using a 25 well Incubation

tray (BloRad, Rlichmond, Calif.} that had been modified by
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dividing each well with acryllc blocks to yleld 50 wells, Each
strip was washed 4 times with 10 mi of Buffer A, allowing each
wash to socak for 3 min. For detection 5f mouse MAb, the strips
were Incubated for 1 h In rabbit anti-mouse 1gG, IgA, and IgM
(Calblochem, La Jolla, Calif.) diluted 1:600 In Buffer B (10 mM
HEPES, 100 mM NacCl, 3% (wt/vol) BSA (bovine serum albumin),

pH 7.5) at 37°C, followed by four washes with Buffer A.
Detection of *he rabbit antlbody or gulnea pig antibody was
accompl.shed by incubating the strips In horseradlsh peroxldase-
protein-A conjugate (suppllied by Dr. Stephen Leppla, USAMRIID),
diluted 1:5000 In Buffer B for 30 min at amblent temperatures.
The strips were then washed In Buffer C (5 mM HEPES, 100 mM NacCl,
0.05% NP-40, pH 7.5) for 5§ min, followed by two 5-min washes In
Buffer D (10 mM HEPES, 100 mM NaCl, pH 7.5). The conjugate-
antibody complexes were detected using the chromogenlic substrate
[4 mI of tetramethylbenzidine (5 mg/ml In methanol); 18 ml of

1% dloctylsod!ium~-sul fosucclinate (Sigma Chemical Co., St. Louls,
Mo.); t ml of 1 M HEPES, pH 7.5; 59 ml distilled water (dHp0);
and 20 ul 3% H202]. The reaction was terminated at 10 min by
washing the Nc strips three times In Buffer E (10 mM HEPES, 0.2%
dloctylsodlium-sul fosuccinate, 5% methanol, pH 7.5). Photographs
of developed strips were made by using Polaroid fiim, Type 55

(OPELCO, Washington, DC).
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Molecular mass determination. Molecutar mass protein :
standards (Blo-Rad, Richmond, Callf.) Inciuded ovalbumin (45
k!l lodaltons), bovine serum albumin (66.2 Kdal), phosphorylase B
(92.5 Kdal), pB-galactosidase (116.5 Kdal), and myosin
(200 Kdal). The standards were treated with 5X sample buffer as
descr Ibed above, electrophoresed In lanes adjacent to those
contalning cell extracts, transbliotted, and the Nc stalned wlith
AuroDye (Janssen, Plscataway, N.J.) The electrophoretic
mobllitles of the standards were calculated, plotted, and the
molecular mass of the unknown proteins interpolated.

Vaccinations. Unless Indicated otherwise, female Hartley
gulnea pligs (Charles River Laboratorles, Wilmington, Mass.)
recelved three, bli-weekly, 0.5 m! intramuscular (i.m.) injections
of the Michlgan Department of Publlic Health (MDPH) human vacclne.

Animals vacclinated with the Sterne veterinary vaccine (Anvax,

Wel lcome Animal Research Labcratories) were gliven three bl-weekly
i.m. Injections, consisting of 2 x 108, 4 x 108, and 5 x 106
spores, respectively. After |.m. administration of 30 mg
ketamine per kg (Vetalar, Parke Davis, Morris Plains, N.J.) and
6 mg of xylazine per kg (Rompun, Haver-Lockhardt, Shawnee, Kan.),
the animals were bled by Intracardiac puncture using a 25 gauge

i‘

needle. Sera were dlluted In glycerol (1:1) prior to freezing at

-20°c.
Sera to Nc bound EA proteins., Protein bands on Nc sheets were
Ident|fled by performing £I1TB analyses on strips cut from the

center and sldes cf each sheet. Upon realignment of the stained

' & 2 SR s I
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sirips with the unstained center sectlions, the identified protein
bands of Interest were cut out and the drled strips solublliized
In a minimal amount ot dimethy! sulfoxide (13). The solubilized,
Nc-bound proteins were mixed with an equal volume of Freund’s
complete adjuvant and 0.2 ml was Injected subzutaneously In the

rind quarters of each test animal., The gulnea pigs recelived an

additlional in)ection the second week by using Freuad's incomplete

adjuvant, and a third Injection on week 4 without adjuvant.

Animals were Lled as described above.
Antibody titer detorminations. Quantitat!on of antibody
titers to PA In MDPH- and Anvax-vacclnated guinea pligs was

accomplished using enzyme |inked Immunosorbent assay (ELISA).

Purlfled PA was coated on 96-weli, polystyrene, microtiter plates

(Linbro) by Incubating 100 ui of antigen (1 ug/ ml, 50 mM Na

borate, pH 9) In the wells for 2 h at 37°C. Unreacted binding

sites were blocked with quench buffer {10 mM Na phosphate, 0.85%
NaCl, 0.5% gelatin, 5% powdered mlik, dH 7.5) for 30 min at
amblent temperature. Wells were washed 4X with phosphate-
buffered saline (PBS) + 0.05% Tween-20 (PBST). Antlsera were

titrated in PBS + gelatin, Incubated 2 h at 37°C, and the wells

washed four times wlith PBST. Protein A/horseradish peroxidase

conjugate, diluted 1:5000 (n PBST with 5% heat-inactivated fetal

calf serum, was added (100 u! per mi) and plates were [ncubated

for 30 min at 37°C. The welis were washed four times with

PBST. Freshly prepared 2,2'azino-bis(3 ethylbenzthiazoline~

sulfonic aclid (ABTS) (Sligma) substrate (100 ul per well) was addad
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and Incubated at amblent temperature for 20 min. The reaction
was stopped with 50 u! of 10% SDS. The concentration of ABTS was ¥
1 mg/ml In O.1 M citrate buffer, pH 4.0. Hydrogen peroxlide was

added to 0.003% Just prlor to use. Substrate and SDS were added

2 7 PR TETIRDOCSCEN T8

to a blank wel! on all piates for background subtraction.

“2Pe

Control plates, without antigen, were treated identicaliy as the .
test plates, and thelr absorbance values subtracted from those of

the test plates to correct for nonspecific binding of antibody.

The ELISA plates were read 405 nm In a Bio-Tek EL308 Microplate
reader (Blo-Tek Instruments, Inc., Buriington, Vt.). Titers were

taken as kteing the last dilution with an absorbance » 0.1.

o B IR A A AL AT > XIS B D3 e

* &b.& CCXG T YA, WOSECOO0 B BTS2 n

s

- 4, ' SN Ao NS, B
? ”\"" it Mo “‘1\‘ TP O Wil 3 D RO e e ““’* PRt i
o R T

”




-

- o W W wc

- -

. R § |

RESULTS

Cowparison of sera from MDPH~ and Anvax-vazcinated animals.
Wholie ce!l| extracts and 10X concentrated cu!lture supernatant
filulds were electrophoresed and transblotted to Nc. The Nc was
cut Into strlios and incubatea with sera, diluted 1:100 In Buffer
A, washed and stained as described. As shown In Fig. 1 and 2,
sera obtalned from Anvax vacclnees recognized a 91 Kdal-protein,
In Sterne cell extracts, referred to as extractable antigen 1 or
EA1 (Fig. 3). |In contrast, this proteln was not recognized by
sera from the MDPH vacclinated animals. The same observatlions
were made with cell extracts from the virulent Volium-1B strain
(Fig. 2) and B, anthracls strains Ames, New Hampshire, Colorado,
and V770-NP-1R (data not shown). Inspection of both Fig. 1 and 2
reveals that PA was also present in the cell extract in signifi-
cant quantities. This observation was based not only on the
relative Intensity of the EITB bands on Nc strips, but aliso on
Kodavue- and Coomassie Blue R-250-stalined SDS-PAGE gels.

Both groups of animais prcduced high antibody titers to PA
as determined by ELISA, Tabie 1 [the identlfying numbers for the
sera shown In the table correspond to the sera numbers In Fig. 1
and 2]. As shown In Table 1, the animals vacclinated wlth the MDPH
human vaccine had 2- to 4-fold higher titers to PA than did the
animals vaccinated with Anvax. This l§ consistent with the EITB
analyses In that the relative intensity of PA stalining by the

sera from Sterne straln (Anvax)-vacclinated animals was somewhat

diminished as compared to the sera from MDPH-vaccinated animals.
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Except where Indicated, the EITB anaiyses of sera shown In Fig. 1

and 2 were obtalned from animals 2 weeks after vacclination.

Based on the relative Intensity of the bands, It appeared ﬁ
i Initially that EA1 was the principle cell-associated antigen E
: recognlzed by the Anvax-vaccinated animals, rather than PA. ‘é

However, |In guinea plgs that were vaccinated with the MDPH human }
vaccline, PA was the primary antligen recognized, as was aiso the

{ case with antlisera from MDPH-vacclnated humans (Fig. 2, strips 1

and 2). ' i
As shown In Fig. 1B and 2B, EAl1 does not appear to be a j

ma Jor component of the culture supernatant, but Is clearily

present, as seen on strips 7 and 8 In Fig. 2B. Preliminary

! studles with antisera to EA1 are consistent with the observations
that EA1 was released by vegetative ceils Into the culture
supernatant.

The PA proteln appears to give rise to severa! breakdown
products, Including those Identified by the letters B and C In
Flg. 1B, 2 and 4, which may be a result of protease activity.
These breakdown products reacted with MAb to PA, while another
! ma jor band, labeied with the letter A, was weakly stained by MAb
to LF and EF (Filg. 4). Sera from guinea pigs that had been
boosted 12 weeks after the inltial vaccination regimen revealed %
an additional extractable antligen, termed EA2 (62 Kdal)

(Fig. 4). This protein was not well récognlzed by sera coilected
2 weeks after the initial three-vaccination serles (Flg. 2A).

The EA2 protein was extracted cnly from strains carryling the pXo0o1
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toxIn plasmid, whereas EA1 was extracted from both plasmid-
carrying and -cured strains (Table 2).

MAb and specific antiserum. Mouse MAb was used to Identlfy
the three anthrax toxin components to distinquish them from the
EA proteins. The MAb preparations were supplled by Stephen
Little, USAMRIID, as asclitles fluid and were used at an empiri-
cally determined dilutlion of 1:50. As shown in Fig. 3, Sterne
cell-extracted antléens were stalned with antisera from two
guinea plgs vaccinated with Anvax (strips 1 and 2) and MDPH
(strips 3 and 4). As shown in strips 5 and 6, MAb to EF, diluted
1:5 and 1:50, respectively, stalned a protein slightily larger
than PA, but distinct from EA1 and EA2. Strips 7 and 8 were
stained with two different MAb to LF (dlluted 1:50) and ¢ and 10
with two different MAb to PA (diluted 1:50). I(n all cases, the
tox!in proteins were distingulshable from the EA proteins.

Additional evidence that the EA proteins are distinct was
provided by EITB analyses of antisera to the EA proteins.
Antiserum to EA1, extracted from a Sterne strain cured of the
© pXO1 toxin plasmid, stained both EA1 and a second protein which
appears slightly above EA1 on EITB strips (Fig 5). However,
antiserum to EA2, extracted from the parental Sterne strain
containing the p£L01 plasmid, stalned EA2 and weakly stained LF
(data not shown). |t was subsequently found that Nc strips,

which were solublliized in dimethyl sulfoxlde for vaccination into

- v e | ¥ A ) £ oo LA " bS ik ¥ o “
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guinea plgs, also contained a breakdown product‘of LF, which
migrates slightly ahead of EA2 on SDS~-PAGE gels (Indlcated by the

letter A In Fig. 18, 2, and 4).
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DISCUSSION

Since the discovery of the three anthrax toxin components
(1, 5, 22, 29), substantial emphasis has been placed on the
release of these protelins by B, anthracls, both In vivo and in
vitro. Much of this emphasis has been on PA and Its central role
in the activity, or transport, of EF and LF in host target celis
(18, 6). With PA playing such a central! rote, many have heid
that antlibody Indueed to this proteln would protect the vacclnee
by neutrallzing toxin activity. Indeed, this may be nartlally
accurate; however, one cannot dliscount the reports that antibody
titers to PA do not correlate welil with protection and that
protection in animais vacclnated with |lve spore vaccines Is far
better and more prolonged than in those vacclnated with chemical
vacclines (il.e., MDPH, adsorbed PA) (10, 18). Little and Knudson
(18) reported that, although titers to PA were higher in #nimals
vaccinated with the MDPH human vaccine as opposed to those
vaccinated with Anvax, only the latter were completely protected
agailnst “vaccline-resistant” B. anthracis strains. The sera used
in Fig. 1 and 2 and in Table 1 were from a similar study in which
the Anvax-vaccinated guinea pligs were afforded signiflcantly
higher and more prolonged protection, yet had lower antibody
titers to PA (manuscript In preparation).

Although protectlion following vaccination with either of the
EA proteins has not been demonstrated,'conslderatlon must now be
glven to the potentlial role of these proteins and/or other cell

constituents as immunogens. The observation that animals
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vacclinated with the veterinary |!lve-spors vacclne produce
antlbody to PA, EA1, and EA2, whereas animals vaccinated with the
MDPH vaccline produce antibody to PA but not EAiI or EA2, suggests
such a role. However, alternatlve explanations for the
differences In protection afforded by the two vacclines must be
explored. For example, |t may be that PA |s the primary Immuno-
gen In both vaccines, but Its presentation to the host’s immune
system by llve-spo?e vacclines ellcits an Immune respcnse (l.e.,
celli-medlated immunity) not obtained with alumlinum hydroxide
adsorbed vacclines. Alternatlvely, cruclial epltopes on the PA
molecule, which are expressed on PA released by I|lve vacclines,
may be either destroyed or masked when bound to aluminum
hydroxide.

Presently, the role(s) of the EA proteins Is not understood.
The EA1 proteln does not appear to be plasmid mediated and data
to date Indicate that It may not be protective. In experiments
not presented Iin this report, guinea pligs were vaccinated wlith
EA1 bound to nitrozellulose. Although all the animais developed
antibody titers to EA1 (Fig. 5), none of the animals survived
either aerosol or |I.m. lethal challenge with Vollum 1B spores;
whereas, all control animals vaccinated with Anvax vaccine
survived. These results agree well with the observations that
llve vacclines composed of B, anthracis strains lacklng the pX01
plasmid, but still producing EA1, are not protective (9). Slince
protection wlith live vacclines has only been accomplished with

strains which carry the pX01 plasmid, one may postulate that
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macromolecules coded for by the pX0t1 plasmid are required for
protection. To date, those molecuies coded for by the pxo02
capsule plasmid do not appear to serve as Immunogens, as
evidenced by protection with Sterne straln vaccines (pX01*t,
pX02~T). Because EA2 hi; been detected only In strains which
carry the pXO1 ptltasmid, Its potential role(s) In Infectlon and
immunogenesis are being investigated by our group. Thus far,
preliminary challenge studies In animals vaccinated wlth Nc-bound
EA2 have been hampered by the fact that the anlmais also develop

anrtibody to LF due to contamination of EA2 preparations with a LF

breakdown product. This LF fragment (approximately 60 Kdal)

migrates very close to EA2 on SDS~PAGE, thereby making It

difflcult to cut strips from EITB transblots that contain only

the EA2 protelin. It Is clear that other approaches to this

probiem must be explored.

The PA proteln was demonstrated to be extractabie from whole

cells by Puziss and Howard In 1963 (19). To our knowledge, the

extraction of EF and LF from Intact anthrax baciil: has never

been reported. The concentrations of EF and LF In culture fluids

are only 1 to 2 ry/mi (15). If these proteins are retalned

intraceilularly under aikaline growth conditlons, as suggested by

Puziss and Howard for PA, then perhaps their Isoltation from whole

cellis may provide Increased yvields.

R RO ORORIOIGIOU0 OO PO OO
ey g3-'?‘.«"*f:’d»'ﬁﬁ‘hﬂf*'fv&?v‘%':%t"?a"fa"»«"f?"é'l?n*@'“‘




The authors thank Dr. Richard Berendt, Dr. Stephen Leppla,

o and Mr. Steve Little for providing scme of the reagents and sera
&h
:~ used In this study. Dr. Stephen Leppla, Dr. Bruce lvins,

Dr. Martin Crumrine and Ms. Kathy Kenyon are also thanked for

their critiques of this manuscript.

PR Sy IS e s g
T~

Ta
-

ATIE B

I &, Ml 2 ) T P NS € VoL Al LA AN A P R K T AL

= ‘ I . N T N, A SN RAMRIMN WA MR G N K AUN (AP M e AT ‘
AR it '2,‘:'1?:@‘:‘,':%3?1@‘:':‘:5% Rl Wl I;xfm&ﬁ} l'?i‘e“ug.‘h PNl



19

LITERATURE CITED

1. Beall, F. A., M. J. Taylor, and C. B. Thorne. 1962. ‘Rapid
lethal effect in rats of a third component found upon
fractionating the toxin of Baclllus anthracis, J. Bac-
teriol. 83:1274-1280.

2. Brachman, P.S., H. Gold, S. A. Plotkin, F. R. Fekety,

M. Werrin, and N. R. Ingraham. 1952. Fleld evaluation of a
human anthrax vaccine. Am. J. Publlc Health 52:532-545.

3. Descour, L., 1923. In A. F. Webb and 3. H. webb (ecd.),
Pasteur and His Work., 2nd. Edition. T. Fisher Unwin
Limited, London.

4. Ezzell, J. W., P. Mikesell, B. E. Ivins, and S. Leppla.
1985. The genetic basls of Pasteur’'s attenuation of Bacillius
anthracls cultures, p. 107-116. ln H. Keoprowsk! and S. A.
Plotkin (ed.), World's Debt to Pasteur. Alan R. ULiss, Inc.

5. Fish, D. c., and R. E. Lincoln. 1357. Blochemlical and bio-
physlical characterization of anthrax toxin. Fed. Proc.
26:1534-1538.

5. Friedlander, A. M. 198s. “Macrophages are sensitive to
anthrax lethal toxin through acld-dependent process.

J. Bliol. Chem. 261:7123-712¢.
7. Green, B. D., L. Battisti, T. M. Koehler, C, B. Thorme, and

B. E. Ivins. 1985. Demonstration of a capsule plasmid in

Baclllus anthracis. infect. Immun. 49:291-297.

T R R T A . U Rt L L A R

I N Rt R S R L S L N



faF. LV e = =y

i e

~

- PGV TR N LI ID e BTy H W B R s 5t BT ol o AR % R OGS - A Y T SR N e e I W

‘ T 3 ST b RS AN, ‘
o ﬁ:’.a* . g!.o. ?iﬁl}kﬁtf‘f&ﬂo‘q\?fh?& ?:!'7".‘!":‘!:%'5. .

10.

11.

12.

13.

14.

15.

. + 20

Hambleton, P., J. A. Carman, and J. Melling. 1984. Anthrax:
the disease In relation to vaccines. Vaccine 23125-132,
Ivins, B. E., Ezzell, J. W., Jr., J. Jemski, K. W. Hedlund,
J. D. Ristroph, and S. H. Leppla. 1986. Immunlzation
studies with attenuated strains of Baclllus anthracis.
Infect. Immun. 523454-458.
Jackson, F. C., G. G. Wright, and J. Armstrong. 1957. Immu-
nilzation of caftle against experimental! anthrax with
alum-preciplitated protective antigen or spore vaccine. Am.
J. Vet. Res. 18:771-777.
Jenkinscn, H. F., W. D. Sawyer, and J. Mandelstam. 1981.
Synthesls and order of assembly of spore coat protelns in
Baclllius subtliils. J. Gen. Microbiol. 123,.1-186.
Klein, r., I. A, De@rnon, R. Lincoln, B. G. Mahlandt, and
A. L. Pernelius. 1982. immunological studies of anthrax.
I11. Levels of Immunity against Baclllus anthracls obtalned
with protective antigen and |lve vacclne. J. Immunol.
88315-19.
Knudsen, K. A. 1985. Proteins transferred to nitrocellulose
for use as Immunogens. Anal!. Blochem. 147:285-288.
Laemmli, U. K. 1970. Cieavage of structural proteins during
the assembly of the head of the bacteriophage T4. Nature
(London) 227:680-685.
Leppla, S. H., B. E. Ivins, and J. W. Ezzell. 1985. Anthrax

toxIin, p. 63-686. In Microblology-1985. American Soclety for

Microblology.

*:

X OO N O OO O LKA SO, et
.;mn '»‘&':‘?;f‘"lt‘!:ﬁ’ﬁ":ﬁ A I¥, v.'s ! &_. ” ?ln‘v‘if‘\'z’h:‘.;ﬁ‘h"‘ e R My Q‘Jﬁ?’& "a !



) .21

18. Little, S. F., and G. B. Knudson. 1988. Comparative efficacy
of Baclllius anthracis !!ve spore vaccine and protective
antigen vaccine agalnst anthrax in the guinea pig. Infect.
Immun. $523503-512.

17. Mikesell, P., B. E. Ivins, J. D. Ristroph, and T. M.
Dreier. 1983. Evidence for piasmid-mediated toxin production
in Baclllus anthracls. Infect. Immun. 39:371-376.

18. O'Brien, J., i. Friedlander, T. Dreier, J. Ezzell, and
8. Leppla. 1985. Effects of anthrax toxin components on
human neutrophllis. Infect. immun. 473306-310.

19. Puziss, M., and ¥. B. Howard, 1963. Studies on Immunity to
anthrax. X!. Control of cellular permeabl|ity by blcarbonate
lon in relation to protective antigen elaboration. J. Bac-
teriol. 8%53237-243.

20. Puziss, M., and G. G. erght. 1963. Studies on Immunity In
anthrax. X. Gel-adsorbed protective antigen for immunization
of man. J. Bacterloi. 85:230-238.

21. Ristroph, J. D., and B, E, Ivins. 1983. Elaboration of
Bacilius anthracis antigens In a new, cheml!cally defined
culture mecium. Infect. Immun., 393483-488.

22. Salisbury, C. E. 1926. Anthrax aggressin. J. Am. Vet. Med.
Assoc. 683755.

23. Stanley, J. L., and H, Smith, 1961. Purification of factor |
and recognition of a third factor of the anthrax toxin.

J. Gen. Microbiol. 26349-88.

- . v bataTiatt > 3 ‘ BTV .l"‘ ”
. 0 ! » I l. o, ‘. L) ‘C ] ﬁi N ‘l ¥ e, .I E A ) vC ".l' ‘ .. {1 ’ , " ‘. “ " “ ,’,‘ ] .' .‘ !" 03 ‘Q ‘Q_'Q Q'I,. ( " ‘ , .
b.. ‘ v‘\ '."‘\“.' ﬁ‘ “““ .. ’I‘i‘l"" ." D‘s‘i““‘" .t R i"ﬁ {8 ‘ ¥ i.'v. N "Q"“!‘”l‘ .si“"xf 'l“’,i» J‘Bj‘(z“k,“ s "9,’4*!”»‘:’"} ‘di"-i.“‘ -""-. u\i “‘4 e'w" .“‘m‘ﬂ’ »
RS AT AT 4 8T, 05,V w’ - e R i M A LY o f e X » ¥ #




24.

25,

28.

27.

28.

29.

‘ , 22

Sterne, M. 19339. The use of anthrax vacclnes prepared f.om
avirulent (unencapsulated) varlants of Baclillus anthractis.
Onderstepoort J. Vet. Scl. Anim. Indust. 138307-312.

Sterne, M. 1932. The Immunizaticn of laboratory animatls
agalinst anthrax. Onderstepoort J. Vet. Scl. Anim. Indust.
13:307-312.

Thorne, C. B., D. M. Molnar, and R. E. Strange. 1960. Pro-
duction of toiln in vitro by Bacillus anthracis and Its
separation into two components. J. Bacteriol. 793450-455.
Towbin, H., T. Stachelin, and J. Gordon. 1979. Electropho-
retlc transfer of proteins from polyacrylamide geis to
nitrocelluiose sheets: procedure and some appiications.
Proc. Natl. Acad. Sci. USA 76:4350C- 4354.

Uchida, I., Sekizaki, T., XK. Hashiaoto, and N. Terakado.
1985. Assoclation of the encapesulation of Bacllius anthracls
with a 80 megadalton plasmid. J. Gen. Microbloi. 131:3683-387.
Watson, D. W., W. J. Cromartie, W. L. Blooms, G. Kegeles,
and R. J. Heckly. 1947. Studles on Infectlion with Baclllus
anthracis, !il. Chemical and Immunological propertias of
the protective antigen In crude extracts of skin Iesloné of

8, anthracis. J. Infect. Dis. 80323.

e i ﬁe c‘rf“‘)ft l"‘:ih 5;‘3‘3;?




m' X N TR Y LR Y RO RN M R Ml i X I N AL W
M T A XN T k. 3 &

il 47

x,

o~

NS ot AP e ok

PR

e

. 23

TABLE 1. Antibody titers to Protective Antigen for sera f-om

MDPH- and Anvax-vaccinated guinea pigs.

Strip «8
Flo. 1 ___Fig. 2 Yaccine Titer®
1 18 MDPH 16,384
2 15 MDPH 16,384
3 14 MDFH 32,768
4 13 MDPH 32,768
5 12 MDPH 32,768
6 11 Supernatant® Np4
7 10 Anvax ND
8 9 Anvax 2,048
9 8 Anvax 2,048
10 7 Anvax 8,192
" e Anvax 16,382
12 5 Saline o
13 4 Saline o
14 3 Saline o)

The strips are those ldentifled Ir Fig. 1 and 2.
Reriprocal titer as determined by ELISA.

Animalis vacclnated with culture supernatant fiuld from Sterne

strain cultures.

Not determined
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TABLE 2. Assoclatlon of EA proteins with plasmids pX01 and pXxo2

among B, anthracls strains.

Plasmid

Strain 2X01 DX02 EAY EA2 ;
Volium 1B + + + +
New Hampshire , + + + + ]
Ames + + + +
Sterne + - + + E
V770-NP-1R + - + + 1
A Ames - + + - !
A New Hampshire - + + - ;
A Sterne - - + -
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FIG. 1. (A) Comparison of sera from MDPH- and Anvax-vaccinated
guinea pigs by EITB with SDS-extracted proteins from Sterne strain
vegetative cells. (B) Comparlison of sera by using culture
supernatant protelﬁs from the Sterne celis In Flg. 1-A, The
Strips were l|acubated with sera (diiuted 1:100) obtained from
animals 2 weeks after being vaccinated with three blweekly
Injections of elther MDPH human vaccine (strips 1 to 8) or Anvax
live spore vacclneA(strlps 7 to 11). Strips 12 to 14 were

Incubated with sera from control! animals injected with saline.
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FIG. 2. (A) Comparison of sera from MDPH- and Anvax-vaccinated
guinea pigs by EITB cn SDS-extracted proteins from Vollum 1-8
straln vegetative cells. (B) Comparison of sera by using culture
supernatant proteins from the Voilum 1-B cells In Fig. 2~A. The
proteln preparations were treated as described for FIG. 1. The
sera were from animals vaccinated with either the Anvax live spore
vacclne (strips 6 to 10) or the MDPH human vaccine (strips 11 to
16). Strips 3 to 5 were |ncubated with sera from control animails
that had been glven saline injections. Strips 1 and 2 were reacted
with sera from two human subjects that had been vaccinated with

0.5 ml MDPH vaccine (three biweekly iInjections with booster

vaccinations at 6 and 12 months).
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FI1G. 3. Approximations of the molecular mass of EA1, EA2, and PA
are Indicated. Molecular mass protein standards were:
(1) ovalbumin, 45 Kdal; (11) bovine serum albumin, 68.2 Kdal;

(111) phosphoryiase B, 92.5 Kdal; (1Vv) f-galactosidase, 116.5 Kdatl;

and (V) myosin. 200 Kdal.
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FIG. 4. EITB analysis of Sterne cell-extracted proteins with sera
from gulnea pigs vacclnated with Anvax (strips 1 and 2) and MDPH
(strips 3 and 4). Strips 5 and 6 were reacted with MAb to EF
(MAb# EF-II11] 9F5-1~-1, tissue culture fiuid) diluted 1:5 and 1:50,
respectively. Two different MAb asclties fiuld preparations

specl fic for LF (MAb# LF-I11]l 2B2-1-2 and LF-1| 3E3-3-1) were used
stain strips 7 and 8, respectively. MADb preparations to PA (MAbwe
PA-)1 3B6-1-1 and PA-| 2D3-3-1) were used to stain strips 9 and 10,

respectively. The ascities fluids were diluted 1:50.
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FIG. §. EITB analysis of Sterne cell extracted proteins with sera
from guinea pigs vaccinated with EA1 bound to Nc (strips 1 through

5), Anvax (strips 6 and 7), and MDPH (strips 8 and 9).
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ABSTRACT

By using electrophoretic Immuno-fransblots, EITB (Western
blots), we compared sera from Hartley guinea pigs vaccinated with
a veterinary |ive-spore anthrax vaccline to those vacclnated with
the human anthrax vaccine, consisting of aluminum hydroxide-
adsorbed culture proteins of Bacilius anthracis strain V770~
NP-1R. Sera from animals vacclnated with the spore vaccine
recognized two major B. anthracis vegetative-cell-associated
proteins not recognized by sera from animals recelving the human
vaccline. These protelins, termed aextractable antigens 1 (EA1) and
2 (EA2), have molecular masses of 97 and 62 kllodaltons, respec-
tively. The EA1 protein appeared to be coded by chromosomal DNA,
whereas the EA2 protein was only detected in strains possessing
the pX01 toxin plasmid. Both of the EA proteins were
seroiogically distinct from the three anthrax toxin components,
as determined by monoclonal antibody to protective antligen, edema

factor, and lethal factor, and speciflic antisera to the EA

proteins.
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Since the Introduction of the live, attenuated culture
vacclne by Pasteur, Chamberland, and Rou:, In 1881 (3), vaccina-
tion against anihrax has been practiced throughout much of the
world. Pasteur prepared the vaccine by growing Baclllys
anthracls at elevated temperatures (l.e., 42 to 43°C) to produce
attenuated cultures. Recently, 1t was determined that growth at
these temperatures Induces the loss of a 110 megadalton pilasmid,
pX01, which codes fbr the anthrax toxin (17) comprised of protec~
tive antigen (PA), edema factor (EF) and lethal factor (LF)

(15, 22, 23, 26). Sin~~ both the toxl!n and the poly-D-glutamate
capsule, the |atter coded for by the 60 megadalton piasmid, pX02
(7, 28), are requlired for virulence, baclilil tacking elther or
both plasmids are aviruient.

Based on these findings, It has been proposed that Pastelur’'s
attenuation process heat cured the majority of the bacllll! In
culture of thelr pXJ1 plasmid and that the sublethal numbers of
toxlgenic baclili| which remalned, provided protection (4, 9).
Although generally effective, Improperly prepar-ed Pasteur-typu
vaccline lots nccaslonally produced disease In vacc.nated animals
(8), probably due to excesslve numbers of toxigenic virulent
bacli!ilil remaining In the cultures used as vacclnes.

Iin 1939, Sterne Isolated a nonencapsulated-toxigenic variant
(pX01*, pX02~), which was found to be safe and efficaclous as a
llve spore vacclne agalinst anthrax (24; 25). The Sterne vaccine
rapidily replaced the Pasteur vaccline and has since been used

extensively as a veterinary vac<ine In livestock (8).
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In contrast, the commerclal product :icensed for human use in the
United States, supplled by the Michigan Department of Public
Health (MDPH), consists of aluminum-hydroxide adsorbed culture
fl *rates of the nonencapsulated, toxigenic strain V770-NP-1R
(2, 8, 20). 7Thc predomlinant component of the MDPH vaccline Is PA.
Animais vact lnated with iIlve Sterne spore vaccines are
protected to a much nreater degree agalirnst anthrax than those
vouecinated with humin vaccline or aluminum hydroxlde-adsorbed
puirificd PA (10). It Is clear from these and other studlies
(12, 16) that vaccinatlion with live spc.-e vacclines provides not
on'y a greater leve! of protection but aiso proionged immunity.
In light of the above cobservations, we questlioned whether
there are protelins other than PA that are recognized sero-
logically by serum from animals vacclnated with a |lve spore
vaccine but not when vaccinated w!th the human vaccine., I|dentl-
ficatlion of such proteins may explsain the differences In protec-

tion w'th the two vuccines and may also ldent!fy de pnovo vaccl!ne

candlicates for future evaluation.




! MATERIALS AND METHODS

Bacterial strains and culture conditions. Baclllus anthracis

o strains were obtained from the U.S. Army Medical Research

Institute of Infectlous Diseases culture collectlion, Fort
Detrick, Md. Descriptions of parental strains have been reported
(16). Strains cured of their pX01 toxIin plasmid, designated with
the prefix *A", have been described previously (9). Frozen spore
stock suspensions were revived on 5% sheep blood agar by Iincuba-
ting at 37°C for 18 to 20 h. Growth from blood agar cultures was
inoculiated into R-medium (2i), buffered with 50 mM Tris-HCI, pH
7.5. The cultures, 500 mil In 2-liter sealed screw-top flasks,
~were |Incubated wlth shaking at 100 rpm, 379C, for 18 to 20 h.
Cell extraction. Celis were harvested by centrifugation at
104 x g, for 15 min and washed in 100 m! of R-medium. The cells
were suspended to 0.1 g wet cell wt. per mi in sodium dodecyl
sul fate (SDS) extraction buffer (11) consisting of 5§ mM Tris-HC!,
1% (wt/vol) SDS, 5 mM 2-mercaptoethano! (2-ME), pH 9.8. The
suspension was heated to 70°C for 30 min, cooled to ambient
temperatures, and centrifuged as described above. The superna-
tant, contalning extracted proteins, was fiiter sterillized
through a 0.22 um, Ilow protein-binding, cellulose acetate fliter
(Ml lllipore, Bedford, Mass.).
Culture supernatants were flitered, placed in dlalysis
tubing (3,500 molecular welght cut off), concentrated at 4°C in
polyethylene glycol, and reconstituted with 0.1 volumes of

extraction buffer. The dialysis bags were re-sealed and bolled
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for 1 min to release proteins which may have become bound to the
|
! tubing. The sampies were transfered to a poiypropylene vial,
! bolled an additlional 4 min, and then stored at -20°C.

SDS-Polyacrylamide gel electrophoresis. To assure saturation

of proteins with SDS, the cell extracts and concentrated culture %

flulds were mixed with 5X sample buffer to give a final

concentration of 1% (wt/vol) SDS, 10% (vol/vol) glyceroi, and

10 MM 2-ME and placéd In a bolling water bath for 5 min. Samples

were electrophoresed on SDS-PAGE gels (14) contalning

10% (wt/vol) acrylamide (acrylamide:bis-acrylamide ratio =

37.5:1), pH 8.8 with 5% acrylamide stacking gel (pH 6.8).
Electrophoretic imsunotransblot (EITB). Following SDS-PAGE,

the proteins were electrophoretically transbiotted onto nitro-

cellulose, Nc (27), In transblot buffer (20 MM Tris, 150 mM

glycine, 20% methano!, 0.1% SDS; (pH 8.5 before the addition of g

methanol and SDS). After electrophoresis for 16 to 18 h at

150 mA, the 14—~ by 12-cm Nc sheet was washed once In Buffer A

(0.5% (wt/vol) gelatin, 10 mM HEPES buffer, 100 mM NaCl, pH 7.5)

and Incubated In 25 m! quench buffer (0.5% gelatin, 30 mM

Na clitrate, 5% (wt/voi) non-fat powdered milk, 10 mM HEPES,

100 mM NaCl, pH 7.5) for 30 min at 37°C. The Nc was then washed

twice Iin Buffer A and the sheet cut Into strips, approximately

2.5-mm wide. Each strip was Incubated in § mi of antiserum or

monoclonal antibody (MAb) empliricaliy dlluted In Buffer A for

2 h at 37°C with gentie agitation by using a 25 well Incubatlion

tray (BlioRad, Richmond, Calif.) that had been modified by
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dividing each well with acryllic blocks to yleid 50 wells. Each
strip was washed 4 times with 10 mi of Buffer A, allowing each
wash to soak for 3 min. For detectlion of mouse MAb, the strips
were |jncubated for 1 h In rabblt anti-mouse 1gG, I1gA, and IgM
(Calbiochem, La Jolla, Callf.) diluted 1:600 In Buffer B (10 mM
HEPES, 100 mM NaCl, 3% (wt/vol) BSA (bovine serum albumin),

PH 7.5) at 379C, followed by four washes with Buffer A.
Detection of the rabbit antibody or guinea pig antibody was
accompl ished by Incubating the strips In horseradlish peroxldase- i
protein-A conjugate (suppltled by Dr. Stephen Leppla, USAMRIID),
diluted 1:5000 In Buffer B for 30 min at amblent temperatures.

The strips were then washed ln Bufferrcw(sme HEPES, 100 mM NacCl,
0.65% NP-40; 5377.5) for 5§ min, followed by two 5-min washes In

Buffer D (10 mM HEPES, 100 mM NaCl, pH 7.5). The ¢nnjugate-

antibody complexes were detected using the chromogeni. substrate

[4 mI of tetramethylbenzidlne (5 mg/ml In methano!); 168 mi of

1% dioctylsodium-sul fosucclinate (Sigma Chemical Co., St. Louls,

Mo.); 1 ml of 1 M HEPES, pH 7.5; 59 mi distlilied water (dH20);

and 20 u! 3% Hp02]. The reaction was terminated at 10 min by

washing the Nc strips three times in Buffer E (10 mM HEPES, 0.2%
dlioctylsodium=-sul fosuccinate, 5% methano!, pH 7.5). Photographs

of developed strips were made by using Polaroid fiilm, Type 55

(OPELCO, Washlington, DC).
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Molecular mass determination. Motecular mass protein
standards (Blo-Rad, Richmond, Callf.) inciuded ovalbumin (45
kilodaltons), bovine serum aibumin (66.2 Kdal), phosphorylase B
(92.5 Kdal), p-galactosidase (116.5 Kdai), and myosin
(200 Kdal). The standards were treated with 5X sampie buffer as
descr ibed above, electrophoresed in lanes adjacent to those
containing cel|l extracts, transblotted, and the Nc stained with
AuroDye (Janssen, Pliscataway, N.J.) The electrophoretlc
mobilities of the standards were caiculated, plotted, and the

.molecular mass of the unknown proteins Interpolated.

Vaccinations. Uniess iIndlicated otherwise, femalie Hartley
gulnea plgs (Charles Rlver _Laboratories, Wliimington, Mass.)
recelved three, bl-weekly, 0.5 ml intramuscular (l.m.) Injections
of the Michigan Department of Public Health (MDPH) human vacclne.
Animals vacclinated with the Sterne veterinary vaccine (Anvax,

Wel lcome Animal Research Laboratorlies) were glven three bil-weekly
f.m. InJections, consisting of 2 x 108, 4 x 108, and 5 x 108
spores, respectively. After |I.m. administration of 30 mg
ketamine per kg (Vetalar, Parke Davis, Morris Plains, N.J.) and
6 mg of xylazine per kg (Rompun, Haver-Lockhardt, Shawnee, Kan.),
the animals were bled by Intracardiac puncture using a 23 gauge
needle. Sei'a were dlluted Iin glycerol (1:1) prior to freezing at
-20°c.

Sera to Nc bound EA proteins. Protein bands on Nc sheets were
identifled by performing EITB analyses on strips cut from the

center and sides of each sheet. Upon realignment of the stained
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strips with the unstained center sections, the Identifled protein
bands of Interest were cut out and the dried strips soiubilized
In a minimal amount of dim=thyl sulfoxide (13). The solubil|zed,
Nc-bound proteins were mixed with an equal voliume of Freund's
complete adjuvant and 0.2 m| was Injected subcutaneously In the
hind quarters of each test animal. The guinea pigs recelved an
additional Injection the second week by using Freund’'s Incomplete
adjuvant, and a third injection on week 4 wlthout adjuvant.
Animals were bled as described above.

Antibody titer determinations. Quantitation of antibody
titers to PA In MDPH- and Anvax-vacclinated gulnea pligs was
accompl ished using enzyme |inked immunosorbent assay (ELISA).
Purifled PA was coated on 96-weli, polystyrene, microtiter plates
(LInbro) by incubating 100 ul of antigen (1 ug/ mi, 50 mM Na
borate, pH 9) In the wells for 2 h at 37°C. Unreacted binding
sites were blocked with quench buffer (10 mM Na pnosphate, 0.85%
NaCi, 0.5% gelatin, 5% powdered milk, pH 7.5) for 30 min at
amblent temperature. Wells were washed 4X with phosphate-
buffered sallne (PBS) + 0.05% Tween-20 (PBST). Antisera were
titrated in PBS + gelatin, Incubated 2 h at 37°C, and the wells
weshed four times wlfh PBST. Protein A/horseradish perox!dase
conjugate, diluted 1:5000 Iin PBST with 5% heat-inactlivated fetal
calf serum, was added (100 uxl per ml) and plates were incubateu
for 30 min at 37°C. The wells were washed four times with
PBST. Freshly prepared 2,2'azlno-bls(3 ethyl!benzthiazolIne-

sulfonic acld (ABTS) (Sigma) substrate (100 ul! per well) was added

fX
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and incubated at amblent temperature for 20 min. The reactlion
was stopped with 50 ul! of 10% SDS. The concentration of ABTS was
1 mg/mi In 0.1 M clitrate buffer, pH 4.0. Hydrogen peroxlde was
added to 0.003% Just prlor to use. Substrate and SDS were added
to a blank well on all plates for background subtraction.

Control ptates, without antigen, were treated ldentically as the
test plates, and their absorbance vaiues subtracted from those of
the test plates to correct for nonspecifls binding of antibody.
The ELISA plates were read 405 nm Iin a Blo-Tek EL308 Microplate
reader (Bio-Tek Instruments, Inc., Burlington, Vt.). Titers were

taken as being the last dilution with an absorbance > 0.1.
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RESULTS

Comperison of sera from MDPH~ and Anvax=-vaccinated animals.
Whole ceil extracts and 10X concentrated culture supernatant
fluids were electrophoresed and transbiotted to Nc. The Nc was
cut into strips and Incubated with sera, diluted 1:100 In Buffer
A, washed and stained as described. As shown In Fig. 1 and 2,
sera obtained from Anvax vaccinees recognized a 91 Kdal-protein,
In Sterne cell extracts, referred to as extractable antigen 1 or
EA1 (Flg. 3). In contrast, this protein was not recognized by
sera from the MDPH vacclnated animals. The same observatlions
were made with cell extracts from the virulent Voillum-18 strain
(Fig. 2) and B, anthracls strains Ames, New Hampshlre, Colorado,
and V770-NP-1R (data not shown). Inspectlion of both Fig. 1 and 2
reveals that PA was also present In the cell extract in signifi-
cant quantities. This observation was based not only on the
relative intensity of the EITB bands on Nc strips, but also on
Kodavue-~ and Coomassie Blue R—250-stalned SDS-PAGE gels.

Both groups of animals produced high antlibody titers to PA
as determined by ELISA, Table 1 [the ldentlfylng numbers for the
sera shown In the tabie correspond to the sera numbers In Fig. 1
and 2]. As shecwn In Table 1, the animals vacclnated with the MDPH
human vacclne had 2- to 4-fold higher ‘iters to PA than did the
animals vacclnated with Anvax. This '3 consistent with the EITB
analyses In that the relative intensity of PA staining by the
sera from Sterne strain (Anvax)-vacclinated animals was somewhat

diminished as compared to the sera from MDPH-vaccinated animals.

'y 9,00

- - B CONDI0AG AN 3 PO l‘“g‘g
V}“W;&,"*’.}QQ«"}\X’% o r"-\ W‘YVI\' 't!t:‘ ,*.n .t, .l,,;",:‘ QRO :'sf‘v*:i Rl At ;‘u,“”.p‘:h‘t *’ﬁm Wt qﬁpﬂzﬁl




P S = S B FEL L e o P eSO A Y MEWEE Y S e~ o S S =

A

—_—.

H
]
[
)
’
E
.

: 12

Except where Indicated, the EITB analyses of sera ahown in Fig. 1
ana 2 were obtalned from anima'!s 2 weeks after vacclinatlon.
Based on the reiative intensity of the bands, it appeared
initially that £EA1 was the princlple cell-assoclated antigen
recognized by the Anvax-vaccinated animals, rather than PA,
However, in guinea plgs that were vaccinated with the MDPH human
vaccine, PA was the primary antlgen recognized, as was also the
case with antlsera-from MDPH~vacclinated humans (Fig. 2, strips 1
and 2).

As shown In Flg. 1B and 2B, EA1 dces not appear to be a
ma jor component .. the culture supernatant, but Is clearly
present, as seer - strips 7 and 8 In Fig. 2B. Prelliminary
studies with antisera to EA1 are consistent with the observations
that EA1 was released by vegetative ceils into the culture
supernatant.

The PA protein appears to glive rise to several breakdown
products, including those !dentiflied by the letters B and C In
Fig. 1B, 2 and 4, which may be a result of protease activity.
These breakdown products reacted with MAb to PA, while another

ma jor band, labeled with the letter A, was weakly stained by MAb

to LF and EF (Fig. 4). Sera from guinea pigs that had been

boosted 12 weeks after the Initial vaccination regimen revealed
an additional extractable antigen, termed EA2 (62 Kdal)

(Fig. 4). This protein was not well récognlzed by sera collected
2 weeks after the initial three-vaccination series (Flig. 2A).

The EA2 protein was extracted only from stralns carryling the pX01
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toxin blasmld, whereas EA1 was extracted from both plasmid-
carrying and ~cured strains (Table 2).

MADb and specific antiserum. Mouse MAb was used to Iidentify
the three anthrax toxin components to distinquish them from the
EA proteins. The MAb preparations were supplied by Stephen
Little, USAMRIID, as ascitlies fluld and were used at an empirt-
cally determined dilution of 1:50. As shown In Flg. 3, Sterne
cell-extracted antlbens were siained with antisera from two
guinea plgs vacclnated with Anvax (strips 1 and 2) and MDPH
(strips 3 and 4). As shown In strips 5§ and 6, MAb to EF, dlluted
1:5 and 1:50, respectively, stained a protein slightiv larger
than PA, but distinct from EA1 and EA2. Strips 7 and 8 were
stalned with two different MAb to LF (diluted 1:50) and 9 and 10
with two different MAb to PA (dlluted 1:50). In ali cases, the
toxin proteins were distinguishable from the EA proteins.

Additional evidence that the EA proteins are distinct was
provided by EITB analyses of antisera to the EA proteins.
Antiserum to EA1, extracted from a Sterne strain cured of the
pX01 toxIin plasmid, stained both EA1 and a second protein which
appears slightly above EA1 on EITB strips (Flg 5). However,
antiserum to EA2, extracted from the parental Sterne strailn
contalr.!.ig the pX01 plasmid, stalined EA2 and weakly stained LF
(data not shown). It was subsz2quently found that Nc strips,

which were solubllized In dimethy! sulfoxide for vaccination into
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guinea plgs, also contained a breakdown product of LF, which

migrates slightly ahead of EA2 on SDS-PAGE gels (Indicated by the

letter A in Fig. 1B, 2, and 4).
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DISCUSSICN

Since the discovery of the three anthrax toxin components
(1, 5, 22, 29), substantial emphasis has been placed on the
release of these proteins by B, anthraclis, both In vivo and In
vitro. Much of this emphasis has been on PA and Its central role
in the activity, or transport, of EF and LF in host target cells
(18, 6). With PA pilaying such a central role, many have held
that antibody lnduéed to this protein wouid protect the vaccinee
by neutralizing toxin actlivity. Indeed, this may be partially
accurate; however, one cannot discount the reports that antibody
titers to PA do not correlate well with protection and that
protection in animals vaccinated with |ive spore vaccines s far
better and more prolonged than In those vaccinated wlth chemical
vaccines (l.e., MDPH, adsorbed PA) (10, 16). Littie and Knudson
(16) reported that, although titers to PA were higher {n animals
vacclinated with the MDPH human vaccline as opposed to those
vaccinated with Anvax, only the iatter were completely protected
against “vaccline-resistant® B, anthracl|s strains. The sera used
In Fig. 1 and 2 and in Tabie 1 were from a simllar study In which
the Anvax-vaccinated guinea pigs were afforded significantly
higher and more prolonged protection, yet had lower antibody
titers to PA (manuscript in preparation).

Although protection following vacclination with elther of the
EA proteins has not been demonstrated,qconslderation must now be
glven to the potential role of these proteins and/or other cell

constituents as immunogens. The observation that animals
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vacclinated with the veterlnary |lve-spore vaccine produce
antibody to PA, EA1, and EA2, whereas animals vacclinated with the
MDPH vacclne produce antibody to PA but not EA1 or EA2, suggests
such a role. However, alternative explanations for the
differences In protectinn afforded by the two vaccines must be
explored. For example, it may be that PA Is the primary immuno-
gen In both vaccines, but Its presentation to the host’'s immune
system by Ilve-spofe vacclnes eliclts an Immune response (l.e.,
cell-mediated Immunity) not obtalned with aluminum hydroxlide
adsorbed vacclnes. Alternatively, crucial epltopes on the PA
molecule, which are expressed on PA reieased by [ive vacclnes,
may be elther destroyed or masked when bound to aluminum
hydroxlde.
Presantly, the role(s) of the EA proteins Is not understood.
The EA1 protein does not appear to be plasmid medlated and data
to date Indicate that It may not be protective. In experiments
not presented In this report, gulinea pigs were vacclnated with
EA1 bound to nitrocellulose. Aithough all the animals developed
antibody tliters to EA1 (Fig. 5), none of the animals survived
either aerosol or |I.m. lethal challenge with Vollum 1B spores;
whereas, al! control animals vaccinated with Anvax vaccine
survived. These results agree well with the observations that
Ilve vacclnes composed of B, anthracls stralins lacking the pXoO1
plasmid, but still producing EAl1, are ﬁot protectlive (9). Since
protectlon with |ive vaccines has only been accomplished with

strains which carry the pXO1 plasmid, one may postulate that
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macromolecules coded for by the pXOt1 plasmid are required for
protection. To date, those molecules coded for by the pX02
capsule plasmid do not appear to serve as immunogens, as
evidenced by protection with Sterne strain vaccines (pXo1*,
pXJ2T). Because EA2 has been detected only in strains which
carry the pXO1 pltasmid, (ts potential role(s) In infection and
Immunogenesis are being Investigated by our group. Thus far,
preliminary challenge studies in animals vaccina+ad with Nc-bound
EA2 have been hampered by the fact trhat the animais also develop
antlbody to LF due to contamination of EA2 preparations with a LF
breakdown product. This LF fragment (approximately 60 Kdal)
migrates very close to EA2 on SDS-PAGE, thereby making It
difflcuit to cut strips from EITB transblots that contaln ornly
the EA2 protein. It Is clear that uther approaches to this
problem must be explored.

The PA protein was demonstrated to be ex‘ractable from whole
cells by Puziss and Howard In 1963 (19). To our knowledge, the
extraction of EF and LF from Intact anthrax bacilili has never
been reported. The concentrations of EF and LF in culture flulds
are onty 1 to 2 ug/mt (15). |f these proteins are retained
Intracellularly under ailkailine growth conditions, as suggested by
Puziss and Howard for PA, then perhaps thelr Isolatiorn from whole

cells may provide Increased yleids.
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TABLE 1. Antlbody tliters to Protective Antigen for sera from

MDPH- and Anvax-vaccinated gulnea pigs.

Strip 2
Filg. 1 __Flg, 2 vaccine Titer®
1 iR MDPH 16,384
2 15 MDPH 16,384
3 .14 MDPH 32,788
4 13 MDPH 32,768
5 12 MDPH 32,768
8 11 Supernatant® nod
7 10 Anvax ND
8 9 Anvax 2,048
9 8 Anvax 2,048
10 7 Anan 8,192
11 8 Anvax 16,382
12 5 Saline o
13 4 Saiine (o]
14 3 Sallne o]

8 The strips are those identifled In Fig. 1 and 2.

D Reciprocal titer as determined by ELISA.

€ Animal!s vacclinated with culture supernatant fiuld from Sterne
strain cultures.

d Not detsrmined
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TABLE 2. Assoclation of EA proteins w!th plasmids pXO1 and pXo02

among B. anthracls strains.

s Plasmid
Straln pXx01 X002 EA1 EA2

[ Voilum 1B + + + +

' New Hampshire ) + + + +
Ames + + + +
Sterne + - + +
V770-NP-1R + - + .
A Ames - + + -
A New Hampshire - + + -

A Sterne o - B - + -
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FIG. 1. (A) Comparison of sera from MDPH~ and Anvax-vacc!inated
guinea pigs by EITB with SDS-extracted protelns from Sterne strain
vegetative cells. (B) Comparison of sera by using culture
supernatant proteins from the Sterne cells in Flg. 1-A. The
strips were incubated with sera (diluted 1:100) obtained from
animals 2 weeks after being vacclinated with three biweekly
in)Jectlions of elther MDPH human vaccine (strips 1 to 8) or Anvax

tive spore vaccine (strips 7 t5 11). Strips 12 to 14 were

Incubated with sera from control! animals Injected with sallne.




ri.}

FIG. 2. (A) Comparison of sera from MDPH- and Anvax-vaccinated
guinea plgs by EITB on SDS-extracted proteins from Vollum 1-B
strain vegetative ceils. (B) Comparlson of sera by using culture
supernatant proteins from the Vollum 1-B cells In Flg. 2-A. The
protein preparations were treated as described for FIG. 1. The
sera were from animals vaccinated with elther the Anvax |[lve spore
vaccine (strips 8 to 10) or the MDPH human vaccline (strips 11 to
18). Strips 3 to 5 were incubated with sera from control animals
that had been given sallne iInjections. Strips 1 and 2 were reacted
with sera from two human subjects that had been vaccinated wlth
0.5 mI MDPH vaccline (three biweekly Injections wlth booster

vacclnations at 8 and 12 months).
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FIG. 3. Approximations of the moilecutar mass of EA1, EA2, and PA
are indicated. Molecular mass protein standards were:
(1) ovalbumin, 45 Kdal; (I1) bovine serum albumin, 668.2 Kdai;

(111) phosphorylase B, 92.5 Kdal; (1V) f-galactosidase, 118.5 Kdal;

and (V) myosin, 200 Kdal.
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FIG. 4. EITB analysis of Sterne cell-extracted proteins with sera

from gulnea pigs vacclnated with Anvax (strips 1 and 2) and MDPH H
(strips 3 and 4). Strips 5 and 6 were reacted with MAb to EF
(MAb# EF-I1!| 9F5-1-1, tissue culture fluid) diltuted 1:5 and 1:50,
respectively. Two different MAb ascities filuld preparations

specific for LF (MAbe LF-1l1l 2B2~1-2 and LF-I1! 3E3-3-~1) were used

stain strips 7 and 8, respectively. MAb preparations to PA (MAb#»
PA~] 3868-1-1 and PA-| 2D3-3-1) were used to staln strips 9 and 10,

respectively. The asclities flulds were ditluted 1:50.
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FIG. 5. EITB analysis of Sterne cel! extracted proteins wWith sera

from guinea pigs vaccinated with EA1 bound to Nc (strips 1 through

S), Anvax (strips 8 and 7), and MDPH (strips 8 and 9).
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